INTRODUCTION
There is now an abundance of evidence that in animal cells the endoplasmic reticulum, or a specialized region of it, acts as an intracellular Ca2+ store. Ca21 can be released from this store following generation of the second messengers Ins(1,4,5)P3 and cyclic ADP-ribose, which open Ca2+ channels in the membrane of the endoplasmic reticulum [1] . The subsequent increase in cytosolic [Ca2+] has, in many cases, been shown to be highly organized in both time and space, showing regular wave patterns of Ca2+ elevation passing across the cell [2] . It is reasonable to suppose that the rate of rise of the Ca2+ signal will depend, among several other parameters, on the electrochemical gradient of [Ca2+] ,ree between the inside of the endoplasmic reticulum and the cytosol. In addition, a Ca2+ increase in the lumen of the endoplasmic reticulum has been proposed to sensitize Ca2+ release [3] , a phenomenon that might be important in wave generation [2] . A knowledge of the [Ca2+]tree inside the endoplasmic reticulum is therefore potentially important in predicting the behaviour of Ins(1,4,5)P3 and ryanodine receptors.
Previous measurements of intra-luminal [Ca2+]tree have used Ca2+ indicators inside the endoplasmic reticulum. Kendall et al. [4] used aequorin, engineered with a KDEL sequence to target it for retention in the endoplasmic reticulum, to measure intraluminal [Ca2+] in intact COS cells, where they estimated the value to be 0.3-1.0 1M. In contrast, Hofer and Machen [5] reached [6] . Addition of the Ca2+-ATPase inhibitor thapsigargin (Tg) at the steady state causes an outward leak of Ca2+ [7] . By measuring the effects of extra-vesicular Ca2+ on the rate of this outward leak, we have arrived at an estimate of the electrochemical Ca2+ gradient from the inside to the outside. We also present some data relating this parameter to Ca2+ loading, which for the first time gives an estimate of the behaviour of the systems responsible for buffering [Ca2+1] ree inside the endoplasmic reticulum.
EXPERIMENTAL Materials
ATP and dithiothreitol (DTT) were from BCL (Lewes, E. Sussex, U.K.). Tg, phosphocreatine and creatine kinase were from Sigma (Poole, Dorset, U.K.). Materials for making Ca2+-sensitive electrodes [calcium ionophore ETH 1001, 2-nitrophenyl octylether, sodium tetraphenyl borate and high-molecular-mass poly(vinyl chloride)] were all from Fluka (Gillingham, Dorset, U.K.).
Microsomal preparation
Endoplasmic reticulum vesicles (microsomes) (36000 g fraction) were prepared from livers of fed male rats as previously described [6] . Protein concentration was determined by the method of Lowry et al. [8] .
Cell growth Mouse lymphoma L1210 cells were grown essentially as previously described [9] , using a system of gas-permeable batch culture. Cells were grown over a 4 day period to a density of 6 .0 x 1I05 cells/ml, as measured on a Coulter electronic cell counter. Cells (42 ml) were centrifuged at 2000 g for 5 min in a bench centrifuge at 25 'C. The pellet was resuspended in 25 ml of wash buffer consisting of 0.9 % (w/v) NaCl and 20 mM Hepes/ KOH, pH 7.0, at 30°C and centrifuged as above. This wash was repeated before finally resuspending the final pellet of cells in Abbreviations used: DTT, dithiothreitol; Tg, thapsigargin. *To whom correspondence should be addressed. Microsomal vesicles (4 mg of protein) were incubated in 2.5 ml of 100 mM KCI/20 mM Hepes/KOH (pH 7.0)/2 mM ATP/5 mM MgCI2/1O mM phosphocreatine/l0 ,ug/ml creatine kinase/1 mM DTT/2.5 #M Ruthenium Red at 30°C for 10 min until a steady state was reached, in this case at a pCa of about 6.9. Tg (0.5 ,uM) was added at the arrow marked Tg, and the rate of efflux was measured as soon as a linear rate was established. In parallel experiments Ca2+ (as small volumes of 10 mM CaCI2) was added shortly after Tg to displace the external [Ca2+]free to a new value before measurement of the efflux rate. To change the loading of the vesicles, the required amount of extra Ca2+ was added at the start of the uptake, 10 min before Tg. 
Ca2+ uptake and release
Ca2+ movements were measured using Ca2+-sensitive electrodes constructed and calibrated as previously described [10] . For microsomes the uptake medium contained (in a volume of 2.5 ml) 100 mM KCI, 20 mM Hepes/KOH, pH 7.0,2 mM ATP, 5 mM MgCl2, 10 mM phosphocreatine, 10 ,ug/ml creatine kinase, 1 mM DTT, 2.5 ,uM Ruthenium Red and approx. 1.5 mg/ml microsomal protein. The pathway is allowing Ca2l efflux. The second possibility is ruled out by the experiment shown in Figure 2 , where instead of net efflux, the unidirectional outward flux of 45Ca was measured.
Inhibition of an efflux route by increased external Ca2+ would also inhibit this unidirectional flux. However, it is clear that increasing the external [Ca2+]free to > 1.5 x 10-5 M has no effect on the rate of loss of 45Ca (the initial rapid decrease in retained counts on addition of Ca2`to the outside of the vesicles is probably due to displacement of labelled Ca2" from external binding sites). For inhibition of efflux due to a decrease in the electrochemical gradient, the net efflux rate would be expected to decrease linearly with an increase in external Ca2+, reaching zero when the gradient from inside to outside becomes zero. Behaviour of this sort is shown in Figure 3 . At the lowest Ca2+ loading (7.8 + 0.6 nmol/mg, n = 3) the initial rate of Ca2+ efflux is approx. While liver endoplasmic reticulum vesicles are very convenient for this sort of study because it is straightforward to work out the Ca2+ loading level on an organelle basis, they are somewhat removed from endoplasmic reticulum in situ. In this respect, even permeabilized hepatocytes in suspension are not very suitable since the endoplasmic reticulum has been shown to be fragmented in this preparation [11] . However, digitonin-permeabilized L12 10 cells seem to maintain a substantial degree of integrity of the endoplasmic reticulum, based on retention of a very high level of Ins(1,4,5)P3 sensitivity [12] . Figure 5 shows an experiment similar to that shown in Figure 2 but carried out on digitoninpermeabilized L1210 cells. The cells were washed and suspended in a low-Ca2+ medium to minimize changes in store loading during permeabilization, although some increase due to uptake of trace contaminating Ca2+ is inevitable. However, once again, a decrease in the rate of Ca2+ outflow is a linear function of extravesicular [Ca2+] (r = 0.94) and the intercept on the x-axis gives a value of 12.5 + 0.8 ,uM for the activity of [Ca2+] inside the endoplasmic reticulum.
DISCUSSION
Hepatocyte endoplasmic reticulum in situ contains about 8-10 nmol of Ca2+/mg dry weight [13] , in reasonable agreement with the value of 10 nmol/mg of protein that we obtained for microsomal vesicles loaded to steady state at an external [Ca2+]rree of 70 nM [6] . On [5] , using mag-fura 2, found that the [Ca2+]Iree inside endoplasmic reticulum was decreased in the absence of Cl-, which can act as a counter-ion for Ca2" accumulation [14] , as can phosphate, which could also buffer intravesicular Ca2+ [16] . It may be that small differences in membrane potential account for the difference between the results obtained in intact cells [4] and those obtained in permeabilized cells and endoplasmic reticulum vesicles ( [5] and this paper). In any case, since the values we obtain by the null-point method are essentially midway between the previously published values, we are not in serious disagreement with either. What is clear from all these results is that the electrochemical gradient of Ca2+ from the endoplasmic reticulum to the cytosol is very much less than that from the outside of the cell to the cytosol.
From the relationship between intravesicular [Ca2+] and Ca2+ load shown in Figure 4 , it appears that, at least over this range, the Ca2+ buffers in the lumen of the endoplasmic reticulum are operating over a linear region; in other words, they are a long way from saturation. This means that as store loading changes during, for example, Ins ( 
